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Sir: 

WILHELMUS J. QUAX hereby declares and states that: 

1. I am presently employed at the UNIVERSITY OF GRONINGEN, University 
Centre for Pharmacy, P.O. Box 72, 9700 AB, Groningen, Netherlands where I 
am the head of the department of Pharmaceutical Biology. 

2. My qualifications are as follows: 

Prof. Dr. Wim. J. Quax (PhD, Msc Biol, Bsc Biol) 
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2004-present: Program manager Biopharmaceuticals: Design, Discovery & Delivery GUIDE 

1998- present: Full Professor in Pharmaceutical Biology & Biotechnology at the University of 
Groningen. Head of department Pharmaceutical Biology 

2003-2007: Chairman of the Board of Research School GUIDE 

2001-2006: Vice-speaker of European Graduate College Ruhr-Universitat Bochum/Univerisity 
of Groningen (RUB/RUG). 

1999- 2001: Deputy-Director of Research School GUIDE. 

1995-1998: Staff Scientist at Genencor International (Palo Alto and Delft). 

1995-2000: Appointed to Full Professor (0.2 fte) in Industrial Biochemistry at the University of 

Leiden. 

1995-1998: Visiting Professor at University of Nottingham. 

1991-1995: Principal Scientist, primary Scientific Responsible for Molecular Biology 

1987- 1991 : Head of Department Bacterial Genetics, Royal Gist-Brocades 

1984-1986 : scientific staff member of the Bacterial Genetics department Royal Gist-brocades 
1980-1984: PhD Research fellowship NWO at the University of Nijmegen. 

Honors and awards 

Graduation "cum laude", University of Nijmegen (1980). 
PhD "cum laude" (1985), University of Nijmegen. 

"NBV" prize for the best thesis of the year in the field of Biochemistry by the Dutch 
Society for Biochemistry and Molecular Biology (NVBMB)( 1 986). 
Elected "Principal Scientist" of Gist-brocades (1991) 

Awarded Visiting Professor fellowship at the University of Nottingham (1995). 
Elected member of Executive Board of European Federation of Biotechnology (1999). 
Elected member of BioPartner advisory committee (2003). 
Elected member of STW valorization committee (2006). 

Participation in External Committees: 

1986-1990: member of the Health Council Commission advising on the use of 
Recombinant Virusses 

1986-1992: Member of the Programme Commission Industrial Biotechnology. 

1988- 1993 Member of the Programme Commission on Agricultural Biotechnology. 
1994-1998 Chairman of BACIP (Bacillus Industrial Platform). 

1994-2007 Dutch delegate for the "Working Party Applied Genetics" from the European 
Federation of Biotechnology. 

1997- 2007 Chairman of the study group "Applied Molecular Genetics" of the 
"Nederlandse Biotechnologische Vereniging" (NBV). 

1999-2002 Chairman of the Applied Genome Research Section of the European 
Federation of Biotechnology (EFB) 

1998- 2007 Member of the board of FIGON (Federation of innovative drug research in 
the Netherlands) 

1999- current Member of the editorial board of the Journal of Biotechnology 
200 1 -2003 Member of NWO STIGON "programmacommissie" 
2003-2007 Member of BioPartner/STIGON First Stage Grant committee. 
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2004- 2008 Member of ZonMW Veni committee. 

2005- 2008 Chairman of ZonMW Veni committee. 

2006- current Member of STW valorization committee. 
2006-current Member of CW Top/Echo committee 
2006-current Member of editorial board of Microbiology 
2009-current Chairman of NWO Top-Program (Multidisciplinary). 

Publications 

Author on >160 professional publications in journals and books. Named inventor on >45 
patents. 

3. I am a co-inventor with Vicente R. Tur, Albert Martinus Van der Sloot, Margaret 
M Mullally, Robbert H. Cool, Eva E. Szegezdi, Afshin Samali, Gregorio Fernandez- 
Ballester, and Luis Serrano on US patent application no. 10/581,856. I have reviewed the 
application and the pending claims, as well as the Office Action issued by the USPTO on 
September 9th, 2009. It is my understanding that the Examiner currently considers that 
the invention is only supported in relation to the specific TRAIL mutants D269R-T214R 
and D269H-E194I-I196S. As explained below, it is my opinion that the application is 
supported beyond these mutants in view of the disclosures in the application as filed. 

4. From my reading of the application as filed, I consider that the application leads 
the skilled person through the process for developing mutants falling within the scope of 
the present claims, and includes tests which were performed to illustrate the receptor 
selectivity of the resulting mutants. These methods and tests are not limited to the 
specific TRAIL mutants D269R-T214R and D269H-E194I-I196S. 

5. I understand that the application as filed does not explicitly demonstrate the 
receptor selectivity of all TRAIL mutants falling within the scope of the claims. 
However, the application teaches the skilled person how to produce and test such 
mutants, and provides experimental support for a representative number of relevant 
mutants. I consider that the application leads the skilled person through the process for 
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developing mutants falling within the scope of the present claims, and includes tests 
which were performed to illustrate the receptor selectivity of the resulting mutants. 

6. I understand that the application provides experimental details about the 
production of both DR4- and DR5- selective TRAIL mutants (pages 39-43). Figures 7 
and 8 of the application as filed show the specificity of a large number of different 
TRAIL mutants falling within the scope of claim 1 for DR5 and DR4, respectively, as 
determined using surface plasmon resonance. This is the same method which was used in 
the experiments described in the annex and in the accompanying papers. 

7. The methods and tests described in the application as filed are not limited to the 
specific TRAIL mutants D269R-T214R and D269H-E1 941-11 96S, and have subsequently 
been used to verify the activity of other TRAIL mutants. 

8. In the Annex to this declaration, I hereby submit additional experimental data 
obtained according to the invention described in the application, which provide further 
experimental support for the activity of mutants described in the present application, and 
extend the range of mutants for which receptor selectivity has been specifically 
demonstrated. I also include as annexes to this declaration five papers which were 
published after the filing date of the application and which disclose additional DR4 
specific TRAIL mutants produced and characterised according to the methods described 
in the application. 

9. Taking account of the enclosed additional data, and the data provided in the 
application, we have described a total of 27 receptor specific mutants, which contain 
mutations at an even larger number of different positions. 

10. The annex includes supplemental figures produced by the inventors which relate 
to TRAIL mutants D218Y and D218H. The activity of D218Y was disclosed in the 
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application as filed, and this has now been further exemplified. The D218H mutant was 
originally disclosed and its activity has subsequently been verified as shown in the annex. 

1 1 . The figures in the annex illustrate that mutating the amino acid at position 2 1 8 of 
TRAIL results in the production of a DR4-selective mutant. 

12. Van der Sloot et al. (PNAS, 2006, 103(23) pg. 8634-8639) describes the analysis 
of mutations at a large number of positions of TRAIL, in order to determine their effect 
on receptor binding. This paper describes experimental studies relating to the receptor 
selectivity of a subset of individual TRAIL mutations, 4 of which had not been 
previously described in the application. This publication also describes the effect on 
receptor selectivity of a number of newly produced double mutants, and demonstrates the 
biological activity and receptor selectivity of such mutants. 

13. Tur et al. (Journal of Biological Chemistry, 2008, 283(29), pg.20560-20568) 
describes numerous proposed receptor selective TRAIL mutants, several of which are not 
explicitly described in the application. Further experimental analysis of these variants 
using surface plasmon resonance and competitive ELISA is also described. 

14. Mahalingham et al. (Cancer Treatment Reviews, 2009, 35, pg.280-288) is a 
review of the understanding of the function and characterisation of TRAIL as of the 
beginning of 2009. Table 2 of Mahalingham et al. describes a vast array of receptor 
selective TRAIL mutants which had been produced by the inventors at this date. 
Furthermore, pages 282-284 discuss the specific characterisation of certain receptor 
selective mutants and their advantages. 

1 5. Duiker et al. (Clinical Cancer Research, 2009, 1 5(6), pg.2048-2057) describes the 
further characterisation of the DR5-specific TRAIL variant D269H/E195R. This 
document illustrates our ongoing work to further characterise the claimed mutants. 
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16. Reis et al. (Biochemistry, 2009, 48, pg.2 180-2191) describes further binding 
analysis of G131R, which is included in the application, and G131K, which is not 
explicitly described in the application as filed. This further analysis indicates the 
importance of position 131 in binding of TRAIL of DR4. 

1 7. Bibliography (appended to this declaration) 

18. I hereby further declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true and 
further that the statements are made with the knowledge that wilful false statements and 
the like so made are punishable by fine or imprisonment or both under §10001 of Title 18 
of the United States code and that such wilful false statements may jeopardize the validity 
of the Application for any patent issuing thereon. 




Date: March 2 nd 2010 



WILHELMUS J. QUAX 
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WILHELMUS J. QUAX 
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3. IMPROVED CYTOKINE DESIGN: WO 2009/066174 (28.05.2009) 
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20030424 
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to. PRODUCTION OF ENZYMES IN SEEDS AND THEIR USE US57 14474 
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an unusual substrate-binding pocket. Proc. Natl. Acad. Sci. U. S. A 107, 686- 
691. 

2. Duiker, E. W., de Vries, E. G., Mahalingam, D., Meersma, G. J., Boersma-van, E. 

W., Hollema, H, Lub-de Hooge, M. N., van Dam, G. M., Cool, R. H, Quax, 
W. J., Samali, A., van der Zee, A. G. & de, J. S. (2009). Enhanced antitumor 
efficacy of a DR5-specific TRAIL variant over recombinant human TRAIL in 
a bioluminescent ovarian cancer xenograft model. Clin. Cancer Res. 15, 2048- 
2057. 

3. Reis, C. R, van der Sloot, A. M., Szegezdi, E., Natoni, A., Tur, V., Cool, R. H, 

Samali, A., Serrano, L. & Quax, W. J. (2009). Enhancement of antitumor 
properties of rhTRAIL by affinity increase toward its death receptors. 
Biochemistry 48, 2180-2191. 
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4. Tarrus, M., van der Sloot, A. M., Temming, K., Lacombe, M., Opdam, F., Quax, 

W. J., Molema, G., Poelstra, K. & Kok, R. J. (2008). RGD-avidin-biotin 
pretargeting to alpha v beta 3 integrin enhances the proapoptotic activity of 
TNF alpha related apoptosis inducing ligand (TRAIL). Apoptosis 13, 225-235. 

5. Tut, V., van der Sloot, A. M., Reis, C. R, Szegezdi, E., Cool, R. H., Samali, A., 

Serrano, L. & Quax, W. J. (2008). DR4-selective tumor necrosis factor-related 
apoptosis-inducing ligand (TRAIL) variants obtained by structure-based 
design. J. Biol. Chem. 283, 20560-20568. 

6. van der Sloot, A. M., Mullally, M. M., Fernandez-Ballester, G., Serrano, L. & 

Quax, W. J. (2004). Stabilization of TRAIL, an all-beta-sheet multimeric 
protein, using computational redesign. Protein Eng Des Sel 17, 673-680. 

7. van der Sloot, A. M., Tur, V., Szegezdi, E., Mullally, M. M., Cool, R. H., Samali, 

A., Serrano, L. & Quax, W. J. (2006). Designed tumor necrosis factor-related 
apoptosis-inducing ligand variants initiating apoptosis exclusively via the DR5 
receptor. Proc. Natl. Acad. Sci. U. S. A 103, 8634-8639. 

8. Vrielink, J., Heins, M. S., Setroikromo, R., Szegezdi, E., Mullally, M. M., Samali, 

A. & Quax, W. J. (2010). Synthetic constrained peptide selectively binds and 
antagonizes death receptor 5. FEBS J. 

9. Wassenaar, T. A., Quax, W. J. & Mark, A. E. (2008). The conformation of the 

extracellular binding domain of Death Receptor 5 in the presence and absence 
of the activating ligand TRAIL: a molecular dynamics study. Proteins 70, 333- 
343. 

10. Westers, L., Dijkstra, D. S., Westers, H., van Dijl, J. M. & Quax, W. J. (2006). 

Secretion of functional human interleukin-3 from Bacillus subtilis. J. 
Biotechnol. 123,211-224. 
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Designed tumor necrosis factor-related 
apoptosis-inducing ligand variants initiating 
apoptosis exclusively via the DR5 receptor 

Aimer M. van tier Sloot*', Vicente Tur", Eva Szegezdf*, Margaret Mt. Muffally**. Robbert H, Coo!*, Afshin Samalib 
Luis Serrano*, an«S Wim i. Qusx* 3 
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f tumor necrosis factor- ft-daled apoptoscs- inducing bytimd 
(TRAfL'i is a potential n.ntkancej agent Shut scdecids-cb,- induces 
apnptosi* in a variety »f cancer cells by interacting with death 
receptors DiAl-and DR5. TRAU. can also bind to decoy retcptOW 
pDcRI , DdU ; and iwtfoprotcgerm receptor) that cannot induce 
apoptnsis Different tumor respond either to BR4 or to 

T>R;> activation, ami chemotherapeutk drugs cm increase the 
expression of DR4 or DR5 in cancer cells. Thus, DM or DRS 
reeepsor specific TT< MX. variants would permit mw and tumor - 
selective therapies. Previous success in generating a DRS-seiec- 
five TRAIL mutant ususi> computo assist- ot* i 
prompted us to mape a Ptepj -selective TP A i i variant, Techni- 
cally, the design of DR.4 receptor- selective TRAIL variants is 
considerably more challenging compared ■with DRS teteptoi- 
sehstive variants, because (if the lack of a crystal structure of the 
TRAIL T>K4u:mp}e:<. A single amino at id sulci b uS ion oi Aap ai 
rcsidat! position 218 of TRAIL to His or Tyr was predicted in 
have a favorable effect on DM ben-hug specificity. Surface pias- 
mon resonance- based receptor binding tests showed a lowered 
fJR-5 affinity in concert with increased I AM Specificity tot the 
designed variants. ITAAH and DAISY Binding to ReRl, De&2, : 
and usi.eopiotegeiin eea.s also decreased. Ceii fine assays one 
firmed that the variants couid not induce apopto.sis in .DRS-re- 
spotistve Jurkat and A2;Sb evils but were able to induce apopto 
sis in DR4-re«ponsivc I'M - 2 sod MA t cAA 
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an!:i-DR4 antibodies (23) ciommeh es to design a DM- selec- 
tive TRAIL variant. 
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Apparent DR1 an J I h , U o, tor bind 

capacity of rhTRAIL WT, D2?$H, snd 021 8Y as determined using a 
pre-steady state approach 



DK4 KR:> 




!Ttg. 2). To assess the effect of pi i on receptor brodnag of 
D218H. calculations were performed while introducing a 
oh;)i a,tK*utK.),3ndpartiall histid it ! . on i 

i.o reflect acidic, basic, and prrydoiogioa! pi t environments, 
le pt , to t h .A sin" n in Fig. 2, the 1 < i w , ifin i of D 2 IS id 
foi ! >i s > I » 1 i ! i i .t ) l.sion 

the AAG, increases teem t,2. to AO bcAonoi when peine from a 
i u i 1 i " ue i hi t t. intra d in it, tor i d lis 

not dependent or. add fFjg. 2'!. Tie: DaisA jactation has hewn 
described previously bv Hyuaowrfz at. 01} to reduce toe 
iRn ir> 'n. 111 < ni ! i m it i I k -> ' 

fade;). roldX also predicts !ha! Pea variant ha-, a lowered abbtihy 
for DR5 (log. Z). The D218H arid DAISY rfVTRAJL mutants 
emit on » ] tf i 1 , d | i id- , t ,)> d ' > J > o 

i "i f _ L n i i _ t i tli id i 1j , j 1( iU [i 

A-immobihzcd DiH-lg and IDRS-lg receptor chimeras was 
assessed in real time using SPK. tAceptor un In curves v en 



Aitbough the apparent dissociation constant (at,; for OR4 of 
bolh variants remained unchanged when compared with 
rhf RAIL WT, both variants showed a 3-3 5 -fold increase in 
their apparent dissociation constant for DR5 (Table i) Inspec- 
tion cd the sansorgrams recorded at 37 "<;;; for Ids 4 and DRS 

riuc di< t 1 n I / ( 'nthi itb t b t n< I ndA >t-d i at 
D21SY variants showed an initial inercaacd off- rate, which in 
the cnfbmoa t T>\ oippRin ntalrig I Ad: 
was much smaller than the off-rate at the Dies receptor Acp- 
pletneiitai fig. IB, middle, right). 

I a i td traie, ajl ,„)Pe, , t 

DR'l receptor in the presence of the DPS receptor, a competi- 
tive ELLSA experiment was pertcyenaed Although soluble 
DR4-J - - p lly efficient n re cmg the binding of both 
rhTRAIL and the Asp 218 variants to .care ircmohiUaao Addido 

dtn mg t itT.tui i hiit os nimm ind, ft 
foi he f ! ii S thai fen 'id' I * [ (Fig. 3, Canel 
D). These results indicate that D21BH and I 21 A pretarer,taa!!y 
bmd to the .idRdreeepter whenboth DRd and DP j receptors are 
present. 

Binding adlidbes tot both variant;, to the decoy receptats 

t 1 * U Wei a I t!U tfs d-d Fi If 

C}. DdlSHund D2.1SY showed a 2- 5- fold rcdoc-ion in appar- 
ent K d for immobilized DcR2-Ig, mainly because oi an 
increased od-rate. T he seduction in binding to immobiSteed 
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DcRi-lg was mora tnodast. On 1 receptors, the increase in 
o-rf-raco seas largest for D218Y i'suppletner.tai leg. 2, A and 2?). 
BimJing to immobilized OPG-Jg showed a more complex 
behavior. Although at concentrations above i2o iw die initial 
off-tate vers st.el increased for both variants, the maximum level 
of binding, in particular tor D218H, was comparable with the 
wild- type level. However, at concentrations below 125 nta 
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bmdtn« >M »hl i» L iiu M n ., hi, h ' L i 
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the alftriity fur DR5, LAR2, and ORG while leaving the affinity 
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' , o ! , 1 > ir i > ] v ;i 1 1 

varfents to selectively bind and activate DR4, A2730. Jutkat, 
ML- Land tM-2 calls were treated with this variant. Previously, 
i i Pi t i t i \ " ■ i uk I . t v , i nh v- 
£>ii then wxhee and hence <ne only sensitive toward TRAIL- 
! ait, Ml I 

and EM-2 cells are mainly sensitive toward TRAIi induced 
pouto mi, i 1 . T-n i t t - n x i Jt I Ei L Jt 
t il I tS> tsd ! s showd almost no »popt< sis indu n 
activity (<IO r d! up to the highest measured concentration of 
500 ng/rri! coropsred with ihTRA.U, ;24A at 500 ng/oil). The 
restricted; apopt i nd tig ability of 02181 and Ddlift , 



kirk at ceils was even 
• t t s indu i 
TRAiL (80% at 500 n 
apoptosis 



lore evident when il was compared with 
g activity oi erost-dinked FLAG -tagged 
I ml) U ig 5/A, a more potent inducer of 



DRS-sensitivc ceil line A2780, the DKS-seiective 
Ti il i 1 i HI 1 b r fl m ' t , >t , , 
, 1 1 I >< i IMt L' 1 i i an , J_ ( t ( ej is >fi ii 

i l.ivip \ ii n urij ) t ) it I tii the [ f t r ,1 

rhTRAtL WT (Fig. 5-Bl 

in contl s t in h DR A responsive eeli lines, t M- 



ML-1, D218H, and D2.1.8Y valiants v 
induce aaoptcsis at concentrations abo 
C and D), wherea;; rhe DPS-selcctive va 



: aide to effkier 
• J 00 ng/rnKFis 
ant D2S9H/H; 



ity in comparison svith D2.1SY. tat* both variants were h-; 5 
active than rh TRAiL WT With regard to potential DK4- 
seh i 1 rh i \ i J. is m p t m o con t for this ! < 
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DISCUSSION 

TRAIL interacts with five differ- 
ent receptors of the TNP-& family; 
however, only receptor;, DR4 and 
DRS are able to induce apoptosis. 
intevestmgiy, it has been shown that 
the expression levels of DR4 mid for 

Dad ivci,: ep-iaaypiated in cancer 
ceils, in response to a number ofche- 
atoi.herapeutic drugs (6). The exist- 
i cancer ceils only 



-sis (relative to rhTRAIL VVT) 
t, and the ORS-selettive 



ml a ted rebt.iifs to ths aeoetoris iFidueinq ec 



kjar,dD269HE1*5R m 

ssmeosuredas percent- 
nt Ajjoptosft iadecins 



;=D v-«T;S^c!£. Dlpjhi Cansf Cv.lKV 



espondm 



(20) 



ci DRl-oveTated apop- 



DR-t-sel. 



TRAIL 




rest ;;bad die use ol phage display to 
sedct Dkd-seieettve TRAIL variants 
iron) a saturation mutagenesis 
I: bra j y, However, subsequent analy- 
sis revealed ilia; this LtR4- selective 

Activity of 'ids mutant could be 
restored after reverting one of the 
.mutations back if; the wild-type 
amino acid, biit how R affected 



reprover 



sled e 



ode 



Idr 



o In the 



■mil ho 



DR5 ■ 



■ reijS); 

i of 250 ng/ml, less thas; 10% apoptosis is 
the ■ pert no iM k i i> a 
teas both rb TRAIL WI and D269H/F.I9SR 
teen 20 and 30% apoptosis. in contrast, both 
;er< iblt to efiiciently 
ens i3:> aeo 80%, respectively) in the OK4- re, 
bne E.M-2. at this concentration, whereas the 



md the DR3- 

selecttve variant D269H/B19SR. Taken together, these 
result:; confirm that the D218H and 02} SY variants induce 

IjJOj Os p t t . i •■ i 1 



nieddk.ati.oo of protein-protein 
interactions (1-4, 20, 34}. Tram a 
practical point of view, computa- 
tienal design algorithms enable the 
modification of several Lev proper- 
ties of proteins in a much, shorter 
time frame than any other- protein 
engineering methodologies, such as 



ttonai protein desqn to can:- trees a 
DRo- selective TRAIL v;nTmt (20) This stimulated os to design 
a DRe selective TRAb, vjriant remp, computational protein 
design despite the lack oi a crystal structure lor this receptor. In 
this st i t toi u t ice, \sp-2Ti predicted by ■ b j< i a! > 
rithm to be important .he selectivity toward the DILI receptor, 
ir i i i -I tb, . i-i >it !>-m i m a in j f f with 

the phage 6 isplay approach of Keliey at al (32), 

Ih-oi n rysta structu e the TRAH DR& complex and 
the mode! of the TRAIL- DR4 complex, it can be observed that 
Asp-21S forms a hydrogen bond with His- K>e of DR5, whereas 
no hydrogen bond Interaction is possible v.dth the equivalent 
Ala- 157 of BP Fir ).\$ tet n ttat i 218 to K m fyr, 
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NEW DRUGS 

TRAIL receptor signalling and modulation: Are we on the right TRAIL? 

Devaiiiigam Mahalmgam 3 ' 15 *, Eva Szegezdi ^ Maccon Keane 1 '-". Steven deJong CJ , Afsbin Samafi*^ 
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